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Abstract

The increasing number of clinical cases of inclusion body hepatitis (IBH) associated with fowl adenoviruses (FAdVs) is a growing
concern in different parts of the world, including Canada. After an outbreak of IBH in a 10-d-old pullet broiler breeder flock,
we serologically monitored the flock from 8 to 46 wk of age, using the agar gel precipitation test (AGPT) offered by diagnostic
laboratories and an FAdV group-specific enzyme-linked immunosorbemt assay (ELISA) developed earlier. In addition, we tested
1-d-old progeny for possible vertical transmission of FAdV when the breeder flock approached the peak of egg production by
performing virus isolation and polymerase chain reaction (PCR) procedures on target organs. As in previous studies comparing
the 2 tests, ELISA was more sensitive than AGPT. With ELISA, a few birds had weakly positive results at 8 wk of age, and all
the birds had strongly positive results from 12 wk of age until the end of the study. This group-specific ELISA is therefore a
sensitive and practical way to monitor FAdV antibodies in commercial flocks. None of the 1-d-old chicks tested were positive
by PCR, nor was FAdV isolated from the same tissues, indicating an absence of transmission of infectious virus to the progeny.
The lack of virus production and transmission could be due to the presence of high antibody titers in the layers.

Résumeé

L'augmentation du nombre de cas cliniques d'hépatite a corps d’inclusions (IBH) associés avec I'adénovirus aviaire (FAAV) est une
préoccupation grandissante dans différentes parties du monde, incluant le Canada. Suite a un épisode d'IBH chez des poulettes de
10 jours d’dge dans un troupeau d’oiseaux reproducteurs, un suivi sérologique du troupeau a été effectué de I'dge de 8 semaines jusqu’a
46 semaines utilisant un test de précipitation en agar (AGPT) offert par des laboratoires de diagnostic et une épreuve immunoenzymatique
(ELISA) spécifique au groupe FAAV développée antérieurement. De plus, la progéniture a été testée pour vérifier une possible transmission
verticale lorsque le troupeau reproducteur approcha le pic de production d’ceufs, en effectuant une épreuve d’isolement viral et une réaction
d’amplification en chaine par la polymérase (PCR) sur les organes cibles d’oiseaux dgé de 1 jour. Tout comme lors d’études antérieures
comparant les deux épreuves, I'ELISA était plus sensible que I’AGPT. Avec I'épreuve ELISA quelques oiseaux ont montré une réaction
faiblement positive a 8 semaines d'Age, et tous les oiseaux présentaient des résultats fortement positifs a partir de 12 semaines d'dge jusqu’a la
fin de I'étude. L'épreuve ELISA spécifique de groupe est ainsi sensible et pratique pour surveiller les anticorps anti-FAAV dans les troupeaux
commerciaux. Aucun des poussins de 1 jour testés ne s’est avéré positif par PCR de méme que pour 'isolement de FAAV a partir des mémes
tissus, indiquant ainsi I'absence de transmission du virus infectieux a la progéniture. L'absence de production virale et de transmission
pourrait étre due a la présence de titres d’anticorps élevés chez les pondeuses.

(Traduit par Docteur Serge Messier)

Introduction Fowl adenoviruses are ubiquitous and often of low virulence.
To date, 11 serotypes in the genus Aviadenovirus of the family

Inclusion body hepatitis (IBH) is usually seen in chickens Adenoviridae have been recognized. All FAdVs share a group-specific
3 to 6 wk old. The 1Ist sign is often a sudden increase in mortal- antigen. Certain FAdVs are more pathogenic than others: serotype 4
ity rate in the flock, reaching sometimes 5% to 10%; the rate then has been involved in hydropericardium syndrome, and serotype 8
returns to normal after 5 to 7 d. The mortality pattern, the age of the has been implicated in peracute IBH (1,2,5,8). Recently the increased
flock, and the gross and histopathological findings post mortem are number of FAdV-associated outbreaks of IBH has renewed interest
characteristic for the disease, and fowl adenoviruses (FAdVs) can be in investigating these viruses, disease pathogenesis, and diagnostic
isolated from the affected birds (1-4). Immunosuppressive agents options (9-12).
such as infectious bursal disease virus and chicken infectious anemia Serologic surveys of adenovirus infections have been performed at
virus are thought to predispose chickens to IBH (5-7). a certain age of chickens and representing a given geographic area.
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Fowl-adenovirus-specific antibodies are commonly found in breeder
and layer flocks, and exposure to multiple serotypes is documented
(13-16). The agar gel precipitation test (AGPT) is a widely used
serologic test for the detection of FAdV antibodies, since it is fast
and economical. However, it has several disadvantages, such as lack
of sensitivity (16), and the detection of infection might be delayed
in fowl since precipitins may develop only after a 2nd exposure to
FAdV (17). The AGPT has a satisfactory sensitivity when performed
on serum from commercial flocks that are often exposed to multiple
adenovirus serotypes, but it is less sensitive in detecting adenovirus
infections in specific-pathogen-free (SPF) flocks (4). The sensitivity
of AGPT can be increased by using antigen pooled from different
FAdV serotypes (18).

Enzyme-linked immunosorbent assays (ELISAs) for the detection
of group-specific or type-specific antibodies to adenoviruses have
been described (19-21). These tests are typically more sensitive than
the AGPT and represent the method of choice to screen SPF flocks for
the presence of adenovirus antibodies. Cross-reactivity between vari-
ous FAdV serotypes, as reported by Calnek et al (19), is a basis for
sensitive detection of exposure to heterologous FAdV serotypes.

Adenoviruses are known to spread very efficiently horizontally
and can cause persistent and latent infections (16,22). Periodic virus
excretion has been shown for several flocks (17), especially when
the local immunity wanes, 8 to 12 wk after the initial infection (4).
Furthermore, virus excretion is particularly important around the
peak of egg production (16).

We reported a case of IBH in southwestern Ontario in a young
broiler breeder pullet flock (23). An adenovirus was isolated from
the liver of affected birds. Through analysis by virus neutralization
and restriction fragment length polymorphism of the DNA, the
isolate was identified as a serotype 2 FAdV of species D. The source
and the route of introduction of the virus to the flock could not be
established with certainty.

The objectives of the present study were as follows: 1) to monitor
serologically the specific breeder flock that experienced IBH at an
early age; 2) to compare the commercially available AGPT that uses
FAdV-1 as the antigen with an FAdV group-specific ELISA; and
3) to test 1-d-old progeny for possible vertical virus transmission by
polymerase chain reaction (PCR) and virus isolation.

Materials and methods

Flock

The flock monitored in this study was a pullet broiler breeder flock
located in Ontario, Canada, that experienced IBH at 10 d of age. The
mortality rate over the 5-d-long outbreak was 2.1% (23). The flock
performed well thereafter during the raising and egg-production
periods. The cockerels raised in the next-door barn on the same
premises were not affected. Pullets and cockerels were moved to
the laying facility when they were 20 wk old.

Serologic testing

Ablood sample was collected from each of 15 randomly selected
female chickens and each of 15 randomly selected male chickens
monthly from 8 to 15 wk of age and from each of 15 randomly

selected chickens monthly from 20 to 46 wk of age. The serum
samples were tested for FAdV-specific antibodies by AGPT and
ELISA, and some randomly selected samples were tested by plaque-
reduction assay. The FAdV-1 antigen for the AGPT was purchased
from Charles River SPAFAS (North Franklin, Connecticut, USA), and
the test was performed in the Animal Health Laboratory, University
of Guelph, Guelph, Ontario.

The ELISA was done as previously described (21). Briefly, microti-
ter plates (Becton-Dickinson, Franklin Lakes, New Jersey, USA) were
coated with FAdV-9 antigen treated with N-lauroyl sarcosine at a
concentration of 200 ng/well and blocked with 3% bovine serum
albumin. The bound antibody was detected by alkaline-phosphatase-
labeled goat IgG conjugate against chicken immunoglobulin
(Kirkegaard and Perry Laboratories, Gaithersburg, Maryland, USA)
and Sigma Fast p-nitrophenyl phosphate (Sigma Chemical Company,
St. Louis, Missouri, USA). Optical density (OD) was read in a
Bio-Tek ELISA microplate reader (Bio-Tek Industries, Atlanta,
Georgia, USA) at 405 nm. The sample-to-positive (S/P) ratio for each
sample was calculated from the mean OD,,, readings. Serum was
diluted to 1/100 for the ELISA and for the plaque-reduction assay,
whereas it was undiluted for the AGPT.

To detect virus-neutralizing antibodies, the plaque-reduction assay
was done as previously described (23), with use of the FAdV-2 virus
isolated from the flock during the IBH outbreak and a serotype 8
FAdV. Briefly, 100 plaque-forming units of the virus in 100 wL of
cell culture medium were mixed with 100 L of some of the diluted
serum samples collected at 12 and 33 wk. The mixture was incubated
for 1 h, and the samples were then added to chicken hepatoma cells
(CH-SAH cell line [24]). After a 1-h adsorption period, the cells were
covered with a 0.7% agarose overlay. The plaques were visualized
after 3 d of incubation at 37°C in 5% CO, by addition of a 2nd overlay
containing 0.02% neutral red. A sample that inhibited the formation
of more than 50% of the plaques compared with the negative-control
serum sample was considered positive.

Samples for PCR and virus isolation

The progeny of the breeder flock at the beginning of its peak pro-
duction (28 wk old) were tested for possible vertical transmission of
FAdVs. Fifty 1-d-old chicks were euthanized, and liver, spleen, cecal
tonsils, and kidneys were collected from every chick. For 25 chicks
the individual organs were kept separately, whereas for the remain-
ing 25 chicks the 4 organs were pooled. All samples were kept frozen
at —70°C until PCR and virus isolation were performed.

DNA extraction and PCR

Half a gram of tissue was homogenized and incubated in 600 L
of digestion buffer (0.5 mg of proteinase K, 0.5% sodium dodecyl
sulfate, 5 mM of Tris-HCI, and 5 mM of ethylene diamine tetraacetic
acid [EDTA], pH 8.0) at 56°C with gentle agitation overnight. The
DNA was precipitated after 2 phenol-chloroform extractions, and
the washed pellet was resuspended in 30 pL of water.

The procedures for PCR and agarose gel electrophoresis were
as previously described (21). The primers, designed on the basis
of the FAdV-9 nucleotide sequence within the pVI open read-
ing frame (25), were 5'-TCGTCGTCGTGAGCAGTTGTC-3" and
3'-TAGGAGCGGTAGTGGGAACGGA-5'. In brief, PCR was done
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Table 1. Proportions of serum samples positive for antibodies
specific to fowl adenoviruses by an agar gel precipitation test
(AGPT) or an enzyme-linked immunosorbent assay (ELISA) in
a broiler breeder flock, the pullet flock having been affected
by inclusion body hepatitis at 10 d of age

Age Pullets Cockerels Layer flock
(wk)  AGPT ELISA AGPT ELISA AGPT ELISA
8 0/15 3/15 2/15 0/15 N/A N/A

12 0/15  15/15 0/15 15/15 N/A N/A

15 7/15  15/15 4/15  15/15 N/A N/A

20 N/A N/A N/A N/A 13/15 15/15
24 N/A N/A N/A N/A 10/13¢ 15/15
29 N/A N/A N/A N/A 15/15 15/15
33 N/A N/A N/A N/A 12/15 15/15
38 N/A N/A N/A N/A 15/15 15/15
46 N/A N/A N/A N/A 14/15 15/15

N/A — not applicable: the males and females were moved together
to a laying facility at 20 wk of age.
@ The volume of 2 samples was not sufficient for testing.

in a 50-pL final volume in 1X PCR buffer containing 2 U of Tag DNA
polymerase (Invitrogen, Grand Island, New York, USA), 2.5 mM of
MgCl,, 0.2 mM of each deoxyribonucleotide triphosphate, 0.2 uM
of each primer, and 5 pL of DNA. The parameters of cycling in a
GeneAmp PCR System 2400 thermocycler (Applied Biosystems,
Foster City, California, USA) were 3 min of denaturation at 94°C,
followed by 35 cycles of 30 s denaturation at 94°C, annealing at
62°C for 30 s, extension at 72°C for 30 s, and a final 8-min elonga-
tion. For analysis, 10 pL of the PCR product was electrophoresed
in a 1% agarose gel in TAE buffer (40 mM of Tris, 5 mM of sodium
acetate, and 1 mM of EDTA). The DNA bands were visualized
with 0.2 mg/mL ethidium bromide in a GelDoc system (Bio-Rad
Laboratories, Hercules, California, USA). The 1-kb DNA ladder was
from Invitrogen.

Virus isolation

For virus isolation from liver, spleen, cecal tonsils, and kidneys
of the 1-d-old chicks, the tissues were homogenized in Dulbecco’s
Modified Eagle’s Medium/F12 containing 100 U/mL of penicil-
lin and 100 wg/mL of streptomycin and were then centrifuged at
750 X g for 10 min at 4°C. The supernatant was passed through a
0.45-pum filter and then inoculated into CH-SAH cells cultured in
6-well plates (24). The cultures were incubated until a cytopathic
effect (CPE) was observed or for 5 d when no CPE was visible earlier.
A sample was considered negative when, after 3 blind passages, no
CPE was observed.

Serologic monitoring

Table I summarizes the results of AGPT and ELISA testing for
FAdV-specific antibodies in the serum of the pullet broiler breeder
flock affected by IBH at 10 d of age. With AGPT, most of the
samples collected at 8 and 12 wk of age were negative, whereas
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Figure 1. Mean sample-to-positive (S/P) ratios, and standard errors of
optical densities of bound antibody specific to fowl adenoviruses (FAdVs),
as determined in an enzyme-linked immunosorbent assay, in a broiler
breeder flock whose pullets were affected by inclusion body hepatitis at
10 d of age.
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Figure 2. Agarose gel of polymerase chain reaction products amplified with
the use of serial 10-fold dilutions of FAdV DNA as the template and stained
with ethidium bromide. The sizes of the DNA fragments, in base pairs, are
indicated on the left. Lanes 1 to 7 represent 100 ng, 10 ng, 1 ng, 100 pg,
10 pg, 1 pg, and 100 fg of DNA, respectively. M — 1-kb DNA ladder.

most of those collected at 20 wk of age and on were positive. With
ELISA, most of the samples collected at 8 wk of age were also
negative, the remaining 3 being only weakly positive; however,
from 12 wk on, all samples were strongly positive. The values
with ELISA were practically constant until 46 wk (the last testing
time), although there was a spike to a higher S/P ratio at week 33
(Figure 1).

To answer the question whether the rise in antibody titer at 12 wk
was due to reinfection with the same virus serotype that had been
found at 14 d of age in the flock or was due to a different serotype,
we performed a virus neutralization test with the serum samples
collected from 8 pullets and 8 cockerels at 12 wk and with 8 samples
collected at 33 wk. All the 12-wk samples neutralized the originally
isolated virus. In addition, 1 cockerel sample and 1 pullet sample
neutralized a serotype 8 Ontario field isolate of FAdV. Moreover, all
the 33-wk samples neutralized both viruses.
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Testing for vertical transmission

The PCR primers amplified a product of 451 base pairs from the
positive control containing FAdV-9 (21). The size of the DNA frag-
ment was indistinguishable by agarose gel analysis when the virus
isolated earlier from the breeder flock was the template (Figure 2,
lane 1). The sensitivity of the PCR was established by amplifying
10-fold dilutions of purified DNA: 1 pg was the smallest amount of
DNA detectable (Figure 2, lane 6). The primers were able to detect
different FAdV serotypes and field isolates (data not shown).

After validation of the PCR detection system, we tested liver,
spleen, cecal tonsil, and kidney tissues of 1-d-old chickens hatched
from eggs collected from 28-wk-old layers for potential vertical trans-
mission of FAdV from the breeder flock. None of the 125 samples of
extracted DNA (processed separately for each tissue from 25 chicks
and pooled for each of another 25 chicks) produced a DNA band
visible in agarose gel after ethidium bromide staining. For almost
all of the tissues the DNA extraction and PCR amplification process
was done twice.

Virus isolation was attempted with all of the individual and
pooled tissues. After 3 blind passages, no CPE, such as cellular
rounding, clumping, or detaching from the surface, was observed
for any of the samples.

In this broiler breeder flock affected with IBH caused by a
serotype 2 FAdV at an early age, only a few of the earliest blood
samples, collected at week 8, were positive by ELISA, and the
results were very close to the cut-off point. By week 12, all samples
were strongly positive, and the antibody levels remained high up
to the end of the study, at 46 wk. This suggests that seroconversion
occurred during the 4-wk interval from 8 to 12 wk of age. Since
all 16 of the randomly selected and tested serum samples from
8 pullets and 8 cockerels (from the available 30 samples) collected
at 12 wk neutralized the virus isolated at 14 d of age from the flock,
seroconversion was probably due to reactivation of the virus or
reinfection with a virus of the same serotype. However, 1 cockerel
sample and 1 pullet sample from 12 wk also neutralized a serotype
8 Ontario field isolate of FAdV. Moreover, all 8 of the randomly
selected (from the available 15) and tested serum samples from
week 33 neutralized both viruses, which indicates that another
virus, a serotype 8 FAdV, was probably introduced into the flock
around 8 to 10 wk of age. Virus isolation was not attempted during
the laying period; therefore, the presence and type of virus cannot
be identified with certainty.

Clemmer (26) reported that birds infected with the CELO virus
were resistant to reinfection with the same serotype 45 d after the
primary infection. However, our results are more in agreement with
those of Yates et al (27), who were able to reinfect chickens with
the same strain after 8 wk. Our results also support the finding of
Dawson et al (20) and Calnek et al (19) that the ELISA is more sensi-
tive than the AGPT performed with monovalent FAdV-1 antigen,
particularly soon after infection.

We used virus isolation and PCR procedures to determine whether
FAdVs were transmitted vertically at the start of peak egg produc-

tion (at 28 wk of age). None of the tissue samples from 50 1-d-old
progeny of the infected breeder flock gave positive results by
PCR, and no virus was isolated from the same tissues. Since the
primers used in this study can amplify DNA from various sero-
types of FAAYV, it is not likely that the negative results were due to
PCR performance. The PCR was sensitive enough to detect 1 pg
of viral DNA, but the possibility that the viral load in the samples
was below the detection limit cannot be excluded. However, this
was not likely, because this PCR has been shown to be sufficiently
sensitive to detect vertical transmission and establishment of latent
infection with FAAV in chickens (22). The high titer of neutralizing
antibodies may have prevented virus excretion in the pullet flock.
It is also possible that our sample size was not high enough to
detect a few positive samples. As well, chicks hatched from eggs at
a later age could have been tested to determine if transmission did
occur later.

The ELISA test used in this study appears to have good potential
for practical application to monitor for the presence of adenovirus
antibodies in commercial flocks. The test is easily conducted, is
broad spectrum since it is not serotype-specific, and is consider-
ably more sensitive than the AGPT in early stages of infection. Our
data provide evidence of exposure to FAdV but no evidence of
maintenance or vertical transmission in birds with a strong immune
response to FAdV.
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